There is an increasing awareness that an elevated resting heart rate is associated with increased all-cause mortality in the general population and that this may be an independent coronary risk factor. This review was undertaken to determine whether heart rate is predictive of increased mortality and major morbidity in noncardiac surgical patients and whether heart rate manipulation improves perioperative outcome. A search of Medline from 1966 until October 2007 was conducted using the terms "heart rate", "surgery", "cardiac", "morbidity", "mortality" and "perioperative". The main findings were that an elevated perioperative heart rate, an absolute increase in heart rate and heart rate lability are independent predictors of both short-and long-term adverse outcomes in patients at cardiovascular risk undergoing major noncardiac surgery. Although prospective nonrandomised and retrospective data suggest heart rate control improves perioperative outcome, there is conflicting evidence from randomised trials that perioperative heart rate control improves outcome. This may be because drug-associated bradycardia influences mortality in the perioperative period. Further studies reporting the absolute heart rate, the absolute change of heart rate and the time period of the observations are needed to identify 'early warning systems', which may allow earlier triage and improved outcome. Enthusiasm for this approach must be tempered by the appreciation that a J-shaped relationship probably exists between heart rate and morbidity, particularly following bradycardic therapy. Therefore, any bradycardic manipulation of heart rate in the perioperative period must be accompanied by simultaneous attention to other physiological variables associated with increased morbidity and mortality.
Heart rate is rarely included or analysed in studies of perioperative cardiac outcome and its prediction. This may be partly explained by the fact that heart rate was never examined in the derivation cohorts for Goldman 1 , Detsky 2 , L'Italien 3 , Lee 4 or Kertai's 5 risk indices. The problem with these risk indices is that they give a population estimate of perioperative risk 6 . There is an increasing awareness of heart rate and its role in the evolution and outcome of cardiovascular disease and as a physiological predictor of survival. This review focuses on whether consideration of a patient's absolute heart rate or heart rate response in the perioperative period independently predicts perioperative outcome. If this is the case, then attention to the perioperative heart rate, in addition to clinical risk predictors, may further improve perioperative risk prognostication.
METHODS
A search of Medline from 1966 until October 2007 was conducted using the terms "heart rate", "surgery", "cardiac", "morbidity", "mortality", "perioperative" and combinations of these terms as keywords. The aim of this search was to identify studies on: 1) heart rate as a predictor of outcome in medical (nonsurgical) patients, 2) heart rate as a predictor of outcome in surgical patients and 3) the utility of heart rate manipulation to improve perioperative outcome.
The reference lists of relevant articles were further reviewed to identify additional citations relevant to the objectives of this review.
In order to ensure clarity, the following terms are used to identify individuals with a higher heart rate than a control group. This term in no way refers to an absolute increase in heart rate in an individual from a previous time period. It is important to appreciate tachycardia, but rather a term for comparing the rate' is used to identify individuals where an absolute increase in heart rate has been documented when compared to a previous time period.
HEART RATE, LONGEVITY AND PHYSIOLOGICAL AGE

Longevity
Heart rate is a key component of universal of molecular damage to cells, secondary to the deleterious by-products of oxygen metabolism, such as oxygen free radicals 7, 8 . It is suggested that basal oxygen consumption per atom is approximately 10 oxygen molecules per lifetime, which is equivalent to approximately 10 -8 oxygen molecules per heart beat 7 .
independent of body mass and thus the same amount of energy will be expended per gram of tissue in different organisms 8 . Increasing metabolism should then result in earlier death 8 . Indeed, studies which have manipulated the metabolism of organisms 8 . Interestingly, intermittent fasting and caloric restriction, which have increased longevity, have also decreased the resting heart rate 9 .
From a clinical perspective, the resting heart rate has been shown in a number of studies to be a determinant of longevity. This is based on the principle that the predicted number of heart beats per lifespan is approximately 10×10 8 beats 7 . The observed mean lifetime heart beats in mammals is 7.3×10 8 beats 10 . Humans are, however, the exception, as now the human life expectancy is equivalent to approximately 30×10 8 heart beats 11 , which may be in 11 . In addition, an elevated resting heart rate is consistent with aging and the associated downregulation of vagal modulation of the heart, which may be associated with increased cardiovascular morbidity and mortality in the elderly population 12 . A "human model of accelerated cardiovascular aging and metabolic syndrome" has been proposed by Bauman and colleagues 12, 13 . Accelerated cardiovascular aging has been associated with metabolic syndrome or the clustering of hypertension, hyperinsulinaemia and dyslipidaemia 12 and autonomic disruption 12, 14 .
Chronological and physiological age
Chronological age as a predictor of cardiac outcome performs inconsistently in preoperative scoring systems, being an independent predictor in some 1, 2 and not in others 4, 5 (Table 1 ). This may be a function of the possible inverse relationship between resting heart rate and longevity 10 , which may result in accelerated physiological aging in patients with an elevated resting heart rate.
It is possible that we should consider patients with an elevated preoperative resting heart rate as physiologically older, secondary to the reduced number of remaining heart beats in the patient's life, as illustrated in Table 2 .
A future consideration may be the introduction of a correction factor for chronological age based on the preoperative resting heart rate. A simplistic resting heart rate/ 70 beats.min -1 ). It was assumed that individuals presenting with a resting heart rate above 11, [16] [17] [18] [19] (Table 4 ). In a review by Habib, it was found that a resting heart rate of >90 beats.min -1 compared to individuals with a resting heart rate <60 beats.min -1 was associated with a three-fold increase in all cause mortality 20 .
These studies show that an elevated resting heart rate is an independent predictor of cardiovascular mortality in men and women under 60 years 16 , in men alone 21 , in men independent of age or hypertension 17 and in men and women independent of age and smoking 18 . An elevated heart rate was also an independent predictor of noncardiovascular mortality in men and women [16] [17] [18] .
An elevated heart rate has also been associated with long-term all-cause mortality in non-surgical patients known to be at increased cardiac risk, including patients with a history of stable coronary artery disease 22 , following acute coronary syndromes 23, 24 , congestive heart failure 25 and hypertension 26 . 
Elevated resting heart rate as a cardiovascular risk factor
Individuals with an elevated resting heart rate are more likely to develop coronary heart disease. In white men the relative risk for the development of coronary heart disease over a follow-up period of six 1.02 to 1.84) for a resting heart rate of >84 beats. min -1 when compared with a resting heart rate of <74 beats.min -1 19 . In the Framingham study, unselected patients considered to be free of cardiac disease whose resting heart rate was recorded on entry into the study, an elevated heart rate was associated with and cardiovascular mortality (for all groups, with the exception of women >64 years of age) over a 30-year period 21 .
It has been suggested that an elevated resting heart rate may be as important a risk factor for cardiac disease as other traditional factors such as cholesterol, hypertension and smoking 11 . There are probably at least four factors contributing to this observation.
First, there are now numerous studies showing and traditional cardiovascular risk factors such as obesity, elevated LDL-cholesterol, decreased HDL-cholesterol, physical inactivity, decreased heart rate variability, diabetes, obesity, smoking and 27 . pathophysiology and outcome of coronary artery disease is well recognised 28, 29 and now there is evidence that an elevated heart rate and decreased heart rate variability are associated with increased c-reactive protein levels 27, 30 . In a prospective observational study, it was shown that patients with a longer mean time between QRS complexes (a lower heart rate) and patients with a higher standard deviation in time between QRS complexes (higher heart rate variability) during 48 hours of Holter monitoring had P=0.004 and OR 0.993, 95% CI 0.986 to 0.999, P=0.03 respectively) 30 .
Third, a resting heart rate exceeding 80 beats.min -1 has been shown to be an independent predictor of coronary plaque rupture within six months in patients with stable coronary artery disease who have had a coronary angiogram (OR 3.19, 95% CI 1.15 to 8.85, P=0.02) 31 . Importantly, the use of beta-blockers was independently protective against plaque rupture (OR 0.32, 95% CI 0.13 to 0.88, P=0.02) 31 .
Finally, there is an increasing awareness of the genetic contribution to resting heart rate [32] [33] [34] . It is estimated that between 21% 35 and 40% (standard deviation=7%) 34 of resting heart rate is genetically determined. Single nucleotide polymorphism reduction in resting heart rate (serine for glycine substitution at position 49 of the amino terminus of the beta-1 adrenergic receptor) 34 . However, it is the single nucleotide polymorphism mutations at position 389 on the caroboxy terminus that have been associated with increased survival in beta-blocked heart failure patients (an arginine substituted for a glycine) 36 and an improved recovery from myocardial ischaemia was associated with this polymorphism due to depression of adenyl cyclase activity and Gprotein-coupled receptor kinase activity 37 .
The result of these observations is an increasing interest in the medical (non-surgical) literature about the role of bradycardic therapy to increase longevity 10, 11 .
ADVERSE OUTCOMES ASSOCIATED WITH PERIOPERATIVE HEART RATE IN SURGICAL PATIENTS
Heart rate has been shown to be an important determinant of various outcomes including survival 15, [38] [39] [40] [41] and both cardiac 39, [42] [43] [44] [45] and noncardiac 44 complications in patients undergoing major noncardiac surgery. Important characteristics of the perioperative heart rate that need to be considered when discussing associated outcomes include the absolute heart rate 15, 39, 41, 43 , the absolute change in heart rate 39 and the lability 46, 47 of the perioperative heart rate.
Heart rate and associated perioperative myocardial ischaemia will be discussed separately in a later generated a substantial research base in an attempt
Preoperative heart rate
Surprisingly, there are few studies that analyse preoperative heart rate as a predictor of perioperative myocardial infarction or cardiac morbidity 42 , with the majority ignoring it 1, 2, 4, 5, 48 . This may be because of the importance of heart rate as a potential cardiovascular risk factor has been appreciated only recently 11 .
Thirty-day outcomes
In a prospective randomised trial examining in intermediate-risk vascular patients, all patients received beta-blockers as part of the protocol 43 . A preoperative heart rate <65 beats.min -1 was associated with a decreased 30-day postoperative cardiac death or nonfatal myocardial infarction (OR 0.24, 95% CI 0.09 to 0.66, P=0.003) following vascular surgery 43 . The incidence of the primary outcome was 5.2% in the group where the preoperative heart rate exceeded 65 beats.min -1 .
Long-term outcomes
In a prospective observational cohort study, preoperative electrocardiogram has been shown to be an independent predictor of all-cause mortality (OR 1.6, 95% CI 1.1 to 2.4, P=0.016, per 10 beats. min -1 increase) and major adverse cardiac events (OR 1.7, 95% CI 1.1 to 2.6, P=0.021, per 10 beats. min -1 increase) at two years post major noncardiac surgery. The surgery was almost exclusively vascular, intraperitoneal or intrathoracic in patients (mean age 72, range 47 to 89 years) with documented coronary as vascular surgical patients with two cardiac risk factors) 38 .
An observational cohort study of vascular surgical patients found an elevated mean preoperative heart rate to be an independent predictor of long-term cardiac death or nonfatal myocardial infarction over 1.28, 95% CI 1.02 to 1.59, P=0.03, per 10 beats.min -1 increase in preoperative heart rate) but not long-term all-cause mortality (HR 1.21, 95% CI 0.99 to 1.45, P=0.052) 39 . Cardiac death was reported in 17.6% of these patients over 2.6 years.
However, in a study which reported a cohort cardiovascular mortality of 8% at 12 months after vascular (91%) and orthopaedic (9%) surgery, an elevated heart rate was not associated with mortality 49 , although there was a trend to a lower preoperative heart rate in the group that did not have cardiovascular complications.
In summary, it appears that a lower preoperative heart rate may be associated with an improved cardiac outcome in high risk patients with an expected cardiac morbidity exceeding 5% at 30 days 43 and cardiac mortality of approximately 15% at two years 38, 39 .
Intra-operative heart rate
Intra-operative studies suggest that a sustained elevated heart rate (as opposed to a heart rate electrocardiogram) is associated with adverse shortterm outcomes, while an elevated heart rate is associated with increased long-term mortality.
In-hospital adverse events major vascular, major orthopaedic, major urological, major gynaecological and major general surgical procedure lasting more than 220 minutes), with median age 60 (interquartile range of 43 to 73 years) a median heart rate of >110 beats.min -1 minute epoch resulted in a prolonged hospital stay associated with a morbid condition or in-hospital death (OR 2.7, P=0.01) 40 .
An intraoperative tachycardia of >100 beats.min -1 for >10 minutes was also shown to be an independent predictor of any postoperative in-hospital adverse events (including cardiac, respiratory, gastrointestinal, renal, thrombo-embolic and surgical complications) (OR 3.8, 95% CI 1.9 to 7.6, P <0.0001) in patients over 70 years of age undergoing a variety of noncardiac surgical procedures of which only 8% were vascular procedures 44 .
surgery with an expected hospital stay of at least >120 beats.min -1 at any point intra-operatively) was not predictive of postoperative myocardial ischaemia 45 . A fundamental difference with this the previous studies discussed, is that the previous studies suggest the importance of a time epoch of 40 or 10 44 minutes. This observation suggests that a sustained elevated heart rate is probably more important than merely an observed tachycardia, which may have been of short duration.
Conversely, as opposed to the associated adverse in-hospital outcomes reported with a sustained intra-operative tachycardia, there appears to be an improved outcome associated with a lower intraoperative heart rate. Indeed, an increase in the lowest recorded intra-operative heart rate of surgical colectomy patients was shown to be an independent predictor of major surgical complications and death when adjusted for both pre-and intra-operative variables (OR 1.06, 95% CI 1.03 to 1.08, P <0.0001) 41 . The intra-operative variables controlled for included blood loss, operation duration, wound contamination, American Society of Anesthesiologists (ASA) physical status and urgency of surgery. The mean age of these patients was 60.5 (standard deviation=15.1) years, with 11% documented cardiovascular disease, 12% diabetes and 40% at least ASA status class 3 41 derived in this paper suggests that a heart rate of ts.min -1 is the most desirable. The score based on the patient's estimated blood loss, lowest heart rate and lowest mean arterial blood pressure during surgery was predictive of death and major complications within 30 days of general and vascular surgery P <0.00001) when comparing patients with the lowest and highest scores 41 .
Long-term outcomes
In an observational cohort study of vascular surgical patients, an elevated intra-operative heart rate was found to be an independent predictor of long-term mortality and cardiac events over a median follow-up of 2.6 years (HR 1.37, 95% CI 1.09 to 1.70, P=0.005 and HR 1.53, 95% CI 1.20 to 1.97, P <0.001, per 10 beat.min -1 higher heart rate) 39 . Cardiac death was reported in 17.6% of these patients.
Postoperative heart rate
The absolute postoperative heart rate and the absolute change between the pre-and postoperative
Short-term outcomes
An elevated postoperative heart rate has been shown to be an independent predictor of in-hospital all-cause mortality in a cohort of 829 vascular surgical patients (OR 1.03 per beats.min -1 increase in heart rate, 95% CI 1.02 to 1.05, P <0.001) 15 .
Long-term outcomes
An absolute mean heart rate increase of 10 beats.min -1 from the preoperative heart rate until 48 hours postoperatively was shown to be an independent predictor of long-term all-cause mortality (HR 1.37, 95% CI 1.06 to 1.77, P=0.016) and long-term cardiac events (HR 1.60, 95% CI 1.20 to 2.13, P=0.0013) in vascular surgical patients 39 . It is important to realise that the absolute change in heart rate is independent of an elevated pre-, intra-or postoperative heart rate as a predictor of an adverse outcome 39 . Thus, the absolute change in heart rate and the heart rate itself are both predictors of outcome. may be possible based on the perioperative heart rate and the absolute change in heart rate from the pre-to the postoperative period.
Postoperative heart rate and early warning physiological scoring system It has previously been shown that simple physiological monitoring, including respiratory rate, heart rate, systolic blood pressure and level of consciousness are important predictors of mortality in in-hospital patients 50 . Physiological variables have been used in early warning scoring systems to identify patients at increased risk of mortality, requiring early intensive care unit (ICU) admission [51] [52] [53] .
Physiological warning systems may identify a and vascular surgical patients admitted to a surgical high dependency unit, heart rate could identify patients needing ICU admission up to six hours before ICU admission 52 . Combining an increasing number of physiological variables increases the of heart rate, respiratory rate and oxygen saturation could predict the necessity for ICU admission from a surgical high care unit up to 48 hours prior to admission (area under the receiver operating characteristic curve 0.79, P <0.005) 52 . The associations between perioperative heart rate and outcome are summarised in Table 5 . 
PERIOPERATIVE HEART RATE AND MYOCARDIAL ISCHAEMIA
This important topic has been extensively reviewed by Landesberg 54 and the reader is referred to this paper for a thorough discussion of the topic. The which are important when considering perioperative cardiac outcome associated with heart rate.
Postoperative myocardial ischaemia is more common than pre and intra-operative myocardial ischaemia 55 and this has been corroborated by other studies 42, 54, 56 . The duration of postoperative myocardial ischaemia generally exceeds that of pre-or intraoperative myocardial ischaemia 54, 57 . Myocardial ischaemia associated with postoperative myocardial infarction is usually prolonged (>30 min 58 to >120 min 59, 60 ). Many studies report an association between an increasing and an elevated perioperative heart rate and myocardial ischaemia 57, 58, 61, 62 . The observations of these studies are shown in Table 6 .
It appears from the studies shown in Table 6 that both the absolute heart rate and the absolute increase in heart rate are important determinants of perioperative myocardial ischaemia. However, the absolute heart rate (before myocardial ischaemia, during ischaemia and at maximal myocardial ischaemia) did not consistently discriminate between vascular patients who did or did not sustain an acute myocardial infarct 56 , nor did the frequency or duration of tachycardia in vascular patients for peripheral vascular surgery determine patients at risk of silent myocardial ischaemia 57 .
Is attention to the absolute heart rate then meaningless in these patients? Probably not, as the absolute heart rates associated with myocardial ischaemia in these studies may now be considered clinically too high for vascular surgical patients 43 . In the future it may be possible to distinguish more patients at risk of myocardial ischaemia on heart rate alone, if a lower heart rate is targeted.
The absolute change or lability of the heart rate appears to be an important determinant of myocardial ischaemia. An increase in intra-operative heart rate in vascular surgical patients has been shown to be independently associated with troponin release and long-term mortality (OR 1.57, 95% CI 1.21 to 2.03, P <0.001 and OR 1.37, 95% CI 1.09 to 1.70, P=0.005 respectively) 39 . There are other studies which suggest that heart rate lability may be associated with cardiac morbidity. Major cardiac morbidity (myocardial infarction, congestive heart failure and ventricular arrhythmia) was shown underwent carotid endarterectomy under general anaesthesia in comparison to patients who had a cervical plexus block (4 vs. 1%, P=0.05) 46 . In addition, those patients who had general anaesthesia time intervals measured from after induction of P <0.0001) 46 . Unfortunately, the association between examined 46 . This relationship was examined in another vascular surgical study and myocardial ischaemia was shown to be more frequently associated with heart lability -1 in a P=0.03) and blood based on the preoperative blood pressure) (90 vs. 60%, P=0.04) 47 . Interestingly however, no temporal relationship could be shown between these changes. It is possible that this heart rate lability may initiate later.
It is likely that in some patients, the heart rate will not indicate patients at risk. This is because approximately 50% of perioperative myocardial infarctions may be a result of plaque rupture and/or coronary thrombosis and that some of these events may be rate-independent; secondary to hypersurgery 63 .
CAN WE PREDICT HEART RATE ABNORMALITIES IN THE PERIOPERATIVE PERIOD?
Traditional preoperative risk indices such as Lee's Revised Cardiac Risk Index and the ASA physical adult patients undergoing noncardiac surgery will sustain intra-operative tachycardia, bradycardia, hypotension or hypertension 64 . The implication of this is that physiological data should be considered important in addition to traditional clinical risk factors. It is likely that inclusion of perioperative heart rate may improve the performance of preoperative clinical risk prediction models.
RATES IMPROVE OUTCOME?
This review suggests that the absolute heart rate and the absolute change in heart rate in the perioperative period are associated with adverse outcomes in highrisk elderly patients. However, the real question is improve outcome, or whether the heart rate is merely a late marker of an adverse outcome. A recent metaanalysis of outreach teams responding to early warning systems based on physiological observations found 65 . An Australian hospital-based trial showed no difference in incidence of cardiac arrest, unplanned ICU admissions or unexpected death 66 , while a United Kingdom ward-based trial showed a decrease in in-hospital mortality associated with the outreach team 67 . Two recent editorials suggest need to identify appropriate parameters and cut-offs, in appropriate patients, and still allow enough time to institute therapy which could improve outcome 68, 69 . Clearly, to make a difference in outcome by response to heart rate in high-risk elderly patients undergoing noncardiac surgery, a lot more work is necessary to identify appropriate patients and associated heart rate parameters demanding intervention. Table 5 may be a starting point for appropriate further investigation.
DOES PERIOPERATIVE HEART RATE CONTROL WITH ACUTE BETA-BLOCKADE IMPROVE CARDIAC OUTCOME?
Data from the prospective randomised trials of the following associations. Acute perioperative betarate in comparison to a control group by 10 (95% CI 8 to 11) beats.min -1 , with a weighted mean value of 73 beats.min 1 70 . Importantly, acute perioperative beta-blockade results in a fall in heart rate in the postoperative period, while in control groups there is the expected absolute increase in heart rate from the pre-to the postoperative period [70] [71] [72] . However, acute perioperative beta-blockade increases the adverse drug events of hypotension and bradycardia needing treatment 73, 74 and it is questionable whether acute perioperative beta-blockade is cardioprotective [73] [74] [75] .
Prospective evidence of the effect of heart rate control on outcome in beta-blocker studies
A landmark study by Raby and colleagues showed that the use of esmolol to maintain a postoperative heart rate 20% below a Holter determined ischaemic myocardial ischaemia (RR 0.08, 95% CI 0.01 to 0.55, P <0.0001) 76 beta-adrenergic blockade in decreasing myocardial randomised prospective studies about whether heart rate control with beta-blockers is associated with an improved cardiac outcome 70, 77 . association between mean postoperative heart rate and 30-day cardiac complications, including cardiac death and non-fatal myocardial infarction, for betablocker, placebo and combined beta-blocker and placebo groups 70 . There were a number of limitations associated with this meta-analysis 70 . First, the sample size was underpowered to show a 25% reduction in the combined 30-day outcome of cardiac death and nonfatal myocardial infarction. Second, the only in the protocol of three studies 76, 78, 79 and it is possible that the inability to control the maximum postoperative heart rate may have adversely affected postoperative cardiac outcomes in the beta-blocked It is possible that those beta-blocked patients who sustained perioperative cardiac events may have had a higher heart rate than those patients who had no perioperative cardiac events 39, 43 .
Indeed, the second meta-analysis of the same studies 77 heart rate in the perioperative period. Beattie and colleagues found that in the studies where maximum perioperative heart rate exceeded 100 beats per minute, there was no evidence of 30-day cardioprotection associated with beta-blockade (OR 0.76, 95% CI 0.41 to 1.41, P=0.41) in comparison to the studies where the maximum heart rate did not exceed 100 beats per minute (OR 0.23, 95% CI 0.08 to 0.65, P=0.005) 77 .
However, neither of these meta-analyses included the recent randomised controlled trial of bisoprolol in patients at cardiac risk undergoing spinal anaesthesia for noncardiac surgery 80 . This study showed that the homozygous arginine polymorphism at position 389 on the carboxy terminus of the beta-1 receptor was associated with the primary outcome of cardiovascular death, myocardial infarction, stroke, unstable angina or congestive heart failure (HR 1.87, 95% CI 1.04 to 3.35, P=0.04) when compared to patients with at least one glycine allele 80 . Although the patients randomised to bisoprolol had a lower heart rate, the change in heart rate could not be predicted by the different alleles 80 . This would suggest that some cardioprotection associated with beta-blockade is heart rate independent and genetically determined.
Retrospective evidence
There is retrospective 39 and nonrandomised prospective data 43 suggesting that heart rate control may improve outcome. In particular, a heart rate lower (<65 beats.min -1 ) than that reported in the prospective randomised controlled studies 70 is associated with improved perioperative and longterm outcomes in vascular surgical patients. Both an increasing dose of beta-blockade and a decreasing heart rate were found to be independent predictors of protection from myocardial ischaemia and myocardial damage 39 .
It is possible therefore that heart rate control is cardioprotective, and a study which targets a warranted, while at the same time ensuring that the maximum heart rate during the perioperative period is also actively managed 70, 77 . Preferably beta-1 receptor polymorphisms at position 389 on the carboxy terminus should also be considered in this study 80 .
AN APPROACH TO THE DETERMINATION OF A TARGET HEART RATE FOR VASCULAR SURGICAL PATIENTS?
If one was to suggest a heart rate target for therapy in the perioperative period, there needs to be cognisance that the heart rate increases from the preoperative to the postoperative period. This review suggests that a higher heart rate is associated with an increased risk of adverse events. The postoperative period is associated with the highest perioperative heart rate 81 . It would be reasonable therefore to start by determining an absolute heart rate that is potentially protective in the postoperative period.
Postoperative heart rate
A heart rate exceeding 99 beats.min -1 has been independently associated with 30-day all-cause mortality in a composite group of surgical and non- 50 . A sustained postoperative heart rate exceeding 95 beats.min -1 for at least 12 hours within higher risk of the combined primary end-point of cardiac death, nonfatal myocardial infarction and cardiac arrest 82 .
In medical patients with a history of coronary artery disease, hypertension or cardiac failure, a resting heart rate exceeding 80 to 85 beats.min -1 has been shown to be associated with long-term cardiovascular risk 22, 25, 26, 83 and a heart rate above 80 beats.min -1 associated with plaque rupture 31 .
From a physiological perspective, diastolic 75 beats. min -1 84 which would further optimise myocardial oxygen balance. However, it is controversial whether a mean postoperative heart rate of 73 beats.min -1 associated with acute perioperative beta-blockade improves cardiac outcome 70 . Indeed, a postoperative heart rate as low as 60 to 65 beats.min -1 may be necessary to improve outcome 43 . However, the proposal of an optimal heart rate target is probably inappropriate. It appears that the predominant co-existent cardiac morbidity may be. In medical patients with cardiovascular disease, improved survival has been associated with a resting heart rate of 62 beats.min -1 in patients with suspected coronary artery disease 22 , 50 beats.min -1 following acute coronary syndromes 23 , 72 beats.min -1 in patients with heart failure 25 and 74 to 84 beats.min -1 in elderly hypertensives 85 .
It appears that higher heart rates may result in an exponential increase in adverse outcomes in vascular surgical patients 43 . It is unknown whether the adverse outcomes associated with an unacceptably low heart rate). In the medical literature, if patients with bradyarrhythmias are excluded from analysis of curve with no evidence of a J-shaped relationship 85 , except possibly in patients presenting with an acute myocardial infarction 86 .
It is possible however, that in the perioperative period a J-shaped relationship may exist 51 secondary to the unique clinical situation associated with the physiological response to surgery and possible surgical complications. This may be particularly important with manipulation of perioperative heart rate. Betaperioperative bradycardia and hypotension 87, 88 . The recently presented Perioperative Ischemic Evaluation Trial showed that beta-blocker associated bradycardia was an independent predictor of all-cause mortality (HR 1.99, 95% CI 1.35 to 2.92) 88 . It is therefore likely that a J-shaped relationship exists between heart rate and adverse outcomes in the perioperative period, especially when heart rate is pharmacologically manipulated.
The association between bradycardia and mortality Trial study 88 may be explained by the following observations. A single study has evaluated colinearity between postoperative heart rate and other predictors of mortality following vascular surgery 15 . Co-linearity was demonstrated between the duration of surgery and the postoperative heart rate 15 . It is likely that an increased postoperative heart rate in physiological disturbances associated with morbidity and mortality. Tight heart rate control may mask these causes of morbidity and, if an emphasis is not placed on the use of other markers to identify patients at risk, this may result in delayed diagnoses and potential morbidity. Drug-induced bradycardia in the perioperative period may theoretically mask a variety of conditions which may adversely affect outcome such as anaemia, hypovolaemia, sepsis, pain or hypoxia.
perioperative heart rate target will be a panacea.
surgical patients will also have to be considered in association with the desired degree of heart rate control. How tight postoperative heart rate control needs to be to reduce postoperative mortality requires further investigation.
CONCLUSION AND RECOMMENDATIONS It appears that in patients at cardiovascular risk undergoing major noncardiac surgery, three facets of heart rate (an elevated heart rate, an increase in heart rate and heart rate lability) may affect both short-and long-term outcome. Further studies reporting the absolute heart rate, the absolute change of heart rate and the perioperative time period of the observation patients with abnormal physiological variables in the perioperative period may possibly allow earlier triage, morbidities, which may improve survival.
It is possible that the control of these three facets of heart rate may improve survival in vascular surgical evaluation is necessary. However, enthusiasm for this approach must be tempered by the appreciation that a J-shaped relationship probably exists in the perioperative period between heart rate and mortality and morbidity, particularly following bradycardic therapy. Therefore, any bradycardic manipulation of heart rate in the perioperative period should be accompanied by simultaneous attention to other physiological variables which may identify patients at risk of increased morbidity and mortality.
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